Introduction
Switched systems are a class of hybrid system consisting of subsystems and a switching law, which define a specific subsystem being activated during a certain interval of time. Many real-world processes and systems can be modeled as switched systems, such as the automobile direction-reverse systems, computer disk systems, multiple work points control systems of airplane and so on. Therefore, the switched systems have the wide project background and can be widely applied in many domains (Wang, W. & Brockett, R. W., 1997; Tomlin, C. et al., 1998; Varaiya, P., 1993) . Besides switching properties, when modeling a engineering system, system uncertainties that occur as a result of using approximate system model for simplicity, data errors for evaluation, changes in environment conditions, etc, also exit naturally in control systems. Therefore, both of switching and uncertainties should be integrated into system model. Recently, study of switched systems mainly focuses on stability and stabilization (Sun, Z. D. & Ge, S. S., 2005; Song, Y. et al., 2008; Zhang, Y. et al., 2007) . Based on linear matrix inequality technology, the problem of robust control for the system is investigated in the literature (Pettersson, S. & Lennartson, B., 2002) . In order to guarantee H ∞ performance of the system, the robust H ∞ control is studied using linear matrix inequality method in the literature (Sun, W. A. & Zhao, J., 2005) . In many engineering systems, the actuators may be subjected to faults in special environment due to the decline in the component quality or the breakage of working condition which always leads to undesirable performance, even makes system out of control. Therefore, it is of interest to design a control system which can tolerate faults of actuators. In addition, many engineering systems always involve time delay phenomenon, for instance, long-distance transportation systems, hydraulic pressure systems, network control systems and so on. Time delay is frequently a source of instability of feedback systems. Owing to all of these, we shouldn't neglect the influence of time delay and probable actuators faults when designing a practical control system. Up to now, research activities of this field for switched system have been of great interest. Stability analysis of a class of linear switching systems with time delay is presented in the literature (Kim, S. et al., 2006) . Robust H ∞ control for discrete switched systems with time-varying delay is discussed in the literature (Song, Z. Y. et al., 2007) . Reliable guaranteed-cost control for a class of uncertain switched linear systems with time delay is investigated in the literature (Wang, R. et al., 2006) . Considering that the nonlinear disturbance could not be avoided in several applications, robust reliable control for uncertain switched nonlinear systems with time delay is studied in the literature (Xiang, Z. R. & Wang, R. H., 2008) . Furthermore, Xiang and Wang (Xiang, Z. R. & Wang, R. H., 2009 ) investigated robust L ∞ reliable control for uncertain nonlinear switched systems with time delay. Above the problems of robust reliable control for uncertain nonlinear switched time delay systems, the time delay is treated as a constant. However, in actual operation, the time delay is usually variable as time. Obviously, the system model couldn't be described appropriately using constant time delay in this case. So the paper focuses on the system with time-varying delay. Besides, it is considered that H ∞ performance is always an important index in control system. Therefore, in order to overcome the passive effect of time-varying delay for switched systems and make systems be anti-jamming and fault-tolerant, this paper addresses the robust H ∞ reliable control for nonlinear switched time-varying delay systems subjected to uncertainties. The multiple Lyapunov-Krasovskii functional method is used to design the control law. Compared with the multiple Lyapunov function adopted in the literature (Xiang, Z. R. & Wang, R. H., 2008; Xiang, Z. R. & Wang, R. H., 2009) , the multiple Lyapunov-Krasovskii functional method has less conservation because the more system state information is contained in the functional. Moreover, the controller parameters can be easily obtained using the constructed functional. The organization of this paper is as follows. At first, the concept of robust reliable controller, γ -suboptimal robust H ∞ reliable controller and γ -optimal robust H ∞ reliable controller are presented. Secondly, fault model of actuator for system is put forward. Multiple LyapunovKrasovskii functional method and linear matrix inequality technique are adopted to design robust H ∞ reliable controller. Meanwhile, the corresponding switching law is proposed to guarantee the stability of the system. By using the key technical lemma, the design problems of γ -suboptimal robust H ∞ reliable controller and γ -optimal robust H ∞ reliable controller can be transformed to the problem of solving a set of the matrix inequalities. It is worth to point that the matrix inequalities in the γ -optimal problem are not linear, then we make use of variable substitute method to acquire the controller gain matrices and γ -optimal problem can be transferred to solve the minimal upper bound of the scalar γ . Furthermore, the iteration solving process of optimal disturbance attenuation performance γ is presented.
Finally, a numerical example shows the effectiveness of the proposed method. The result illustrates that the designed controller can stabilize the original system and make it be of H ∞ disturbance attenuation performance when the system has uncertain parameters and actuator faults. Notation Throughout this paper, www.intechopen.com
Problem formulation and preliminaries
Consider the following uncertain switched nonlinear system with time-varying delay 
The parameter uncertainty structure in equation (5) has been widely used and can represent parameter uncertainty in many physical cases (Xiang, Z. R. & Wang, R. H., 2009; Cao, Y. et al., 1998) . In actual control system, there inevitably occurs fault in the operation process of actuators. Therefore, the input control signal of actuator fault is abnormal. We use () ut and () f ut to represent the normal control input and the abnormal control input, respectively. Thus, the control input of actuator fault can be described as
where i M is the actuator fault matrix of the form 
is said to be γ -suboptimal robust H ∞ reliable controller with disturbance attenuation performance γ . If there exists a minimal value of disturbance attenuation performance γ ,
The following lemmas will be used to design robust H ∞ reliable controller for the uncertain switched nonlinear system with time-varying delay. () ()
represents the absolute value of diagonal elements in matrix
Lemma 5 (Peleties, P. & DeCarlo, R. A., 1991) Consider the following system
where
If there exist a set of functions :,
V is a positive definite function, decreasing and radially unbounded;
≤ is negative definite along the solution of (14);
when the i th subsystem is switched to the j th subsystem ,, ij N ∈ ij ≠ at the switching instant , (14) is asymptotically stable.
Main results

Condition of stability
Consider the following unperturbed switched nonlinear system with time-varying delay
The following theorem presents a sufficient condition of stability for system (15) 
xt P f xt t x tPxt f xt tPf xt t ≤+
From expressions (4) and (17), it follows that
( 1 ) ( () ) (
Using T η and η to pre-and post-multiply the left-hand term of expression (19) yields
The switching law () a r g m i n { () () } 
Obviously, the switching law () a r g m i n { () () }
also guarantees that LyapunovKrasovskii functional value of the activated subsystem is minimum at the switching instant. From Lemma 5, we can obtain that system (15)- (16) 
Design of robust reliable controller
Consider system (1) with () 
By (7), for the i th subsystem the feedback control law can be designed as
Substituting (25) to (23), the corresponding closed-loop system can be written as
where ˆî
The following theorem presents a sufficient existing condition of the robust reliable controller for system (23) , the closed-loop system is asymptotically stable. Proof From (5) and Theorem 1, we can obtain the sufficient condition of asymptotically stability for system (26)
and the switching law is designed as () a r g m i n { () () }
, where 12 12
Then ( 
By Lemma 3, if there exists a scalar 0
then (31) holds.
(34) can also be written as to pre-and post-multiply the left-hand term of expression (37) and 
Based on the above proof line, we know that if (27) and (28) holds, and the switching law is designed as (39), the state feedback controller
can guarantee system (23)- (24) is asymptotically stable. The proof is completed. ■
Design of robust H ∞ reliable controller
Consider system (1)-(3). By (7), for the i th subsystem the feedback control law can be designed as
Substituting (40) to (1) and (2), the corresponding closed-loop system can be written as 
where 12 12 () () ( () ) ,
xt wt xtd t 
PA B MK HFt E E MK A B MK HFt E E MK
where 12 12 Combining (47), (51) and (52) 00 00 00 00 00 00 00 00 00 00 00 00 00 00
P A BMK HF t E E MK A BMK HF t E E MK
Then the following inequality 00 1 22 00 00 00 00 00 00 0 00 00 00 00 00 00 00 00 
s.t. (53) and (54) Step 1. From (63)- (65) Step 3.
( 1) γ to (60) to solve LMIs. If there is not feasible solution, stop iterating and (0) γ is just the optimal performance index; Otherwise, continue iterating until
is the optimal performance index.
Numerical example
In this section, an example is given to illustrate the effectiveness of the proposed method. Consider system (1)-(3) with parameter as follows (the number of subsystems 2 The Fig. 1 
Choosing the fault matrices of subsystem 1 and subsystem 2 are 1 0.04 0 00 . 1
Then the above switched controller still be used to stabilize the system, the simulation result of the state responses of closed-loop switched system is shown in Fig. 2 . Obviously, it can be seen that system state occurs vibration and the system can not be stabilized effectively. The simulation comparisons of Fig. 1 and Fig. 2 shows that the design method for normal switched controller may lose efficacy when the actuator is failed. It can be seen that the designed robust H ∞ reliable controller makes the closed-loop switched system is asymptotically stable for admissible uncertain parameter and actuator fault. The simulation of Fig. 3 
Conclusion
In order to overcome the passive effect of time-varying delay for switched systems and make systems be anti-jamming and fault-tolerant, robust H ∞ reliable control for a class of uncertain switched systems with actuator faults and time-varying delays is investigated. At first, the concept of robust reliable controller, γ -suboptimal robust H ∞ reliable controller and γ -optimal robust H ∞ reliable controller are presented. Secondly, fault model of actuator for switched systems is put forward. Multiple Lyapunov-Krasovskii functional method and linear matrix inequality technique are adopted to design robust H ∞ reliable controller. The matrix inequalities in the γ -optimal problem are not linear, then we make use of variable substitute method to acquire the controller gain matrices. Furthermore, the iteration solving process of optimal disturbance attenuation performance γ is presented. Finally, a numerical example shows the effectiveness of the proposed method. The result illustrates that the designed controller can stabilize the original system and makes it be of H ∞ disturbance attenuation performance when the system has uncertain parameters and actuator faults. Our future work will focus on constructing the appropriate multiply Lyapunov-Krasovskii functional to obtain the designed method of time delay dependent robust H ∞ reliable controller.
Acknowledgment
